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THE SPECTRAL ALBEDC OF THE SNOW AND VEGETATIVE COVER
by K. Ya. Kondrat'&ev
Z. ¥, Mironova
L. V. Dayeva
The investigation of the spectral albedo of natural underlying sur-
faces is a matter of great interest for the solution of a variety of prob-
lems in the fields of meteorology, bioclimatology, lighting physiology,
aerial phbtography and other branches of science. But the information
currently available on the spectral albedo is fragmentary and none too
reliable. All the data on the spectral albedo of natural underlying
surfaces have been acquired by making measurements with glass light fil-
ters, characterized by a high level of radiation filtration, or by mea-
suring the spectral brightness of various natural formations in fixed
directions with the use of monochrometers and photographic or photo-
electric spectrum recording [1]1. In the first case the measurements
maiie it possible to determine the albedo in the usual sense (the ratio
of nemispheric streams of reflected and incident radiation). But thne re-
lationship between the albedo and wavelength cannot be adequately char-
acterized by the use of large and frequently overlapping regions of the
spectrum. In the latter case, monochromatization is quite satisfactory
but what it measures is the brightness which is identical with the albedo
only when the reflecting surfaces are orthotropicai. But the actual un-
derlying surfaces are always non-orthotropical [2].
In 1953-54 the department of atmospheric physics of the Leningrad
University designed a spectrophotometer with a photoelectric recording

device that made it possible for the first time to make fairly reliable
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basic components of this device, described in (3), are: a photometric
sphere whose internal surface is covered with a magnesium oxide (radia-
tion receiver), a monochrometer with optical glass, and an FEU=-19 photo-
electric multiplier with a direct current amplifier. The use of a mono-
chrometer with:Optical glass made it possible to measure the spectral
albedo within a wavelength range of 0.40-0.85 micron. The width of

the measured spectral sections in the mentioned wavelength area fluc-
tuated from 5 to 35 millimicron.

The preliminary resulis of the albedo measurements on certain sur-
faces made in 1955 are cited in work [3]. Investigations have continued
since that time and been expanded in connection with the International
Geophysical Year.

The purpose of this article is to analyze the measurements of the
spectral albedo of varioué natural underlying surfaces made in the past
two years at the Karadag Actinomeiric Observatory (Crimea) near the
Koltushi settlement (Leningrad oblast) and at the scientific training
station of the Leningrad University in the village of Sablino (Leningrad
oblast). Major attemtion has been focused on the study of the albedo of
the snow cover which varies a great deal with the state of the snow cover
and lighting conditions.

1. The Snow Cover

The numerous measurements of the integral albedo of the snow cover
[1, 4] are indicative of a high degcree ofvvariability of the snow albedo.
The albedo changes froﬁ values close to 1 to about 0.30 (impure wet snow
at the end of the snow-melting season) depending on the condition of the

snow cover {(structure, impurity, wetness, compactness). The integral



snow albedo is to a lesser extent affected by lighting conditions (the
height of the sun, the angular intensity distribution of scattered radgia-
tion, the changing spectrum composition of incident radiation). The
daytime changes of the integral albedo of the snow cover, produced by
changing lighting conditions, are therefore not very prominent.

In some cases of a stable snow cover with invariable properties, the
daytime changes of the integral albedo cannot be discerned aﬁ all [&4].

Not counting the small number of pyranometric measurements with the
use of glass light filters and the few measurements of the spectral co-
efficients of the snow brightness [1, 4], the spectral altedo of snow
has practically not been investigated. This accounts for the priority
given in this work of the characteristics of the radiation reflection by
the snow cover in various regions of the spectrum.

The observatlons dlscussed further on were made near to Koltushi
(March, 1957) and the station of Sablino (February-April 1958).

In view of the multiplicity of factors determining the changing al-
tedo of the snow cover, we shall first discuss the group of factors char- v
acterizing the effect of the snow condition on the spectral altedo. We
will then study the effect of the 1light conditions and, in conclusion,
analyze the daytime characteristics of the spectral albedo of the snow
cover. We should point out, however, a strict differentiation of the
effect of individual factors will be impossible as the actual observation
conditions always involve a complex picture of "interwoven" factors.

Yigure 1 shows the average results of 11 series of observations of
dry pure snow in the course of three cloudless days. The observations
were occasionally marred by the appearance of cirrus clouds, snowdrift
or haze. But despite the similar observation conditions during thoseép“

three days, the albedo revealed considerable differences on different




days. commen charzcteristic was & maximum albtedo in th twave re-
gion and an increasing albedo in the region near the infrared spectrum.
The reflection selectivity was not very pronounced;% The increasing al-
bedo we found in the shortwave region fully agrees with the measurements
of the spectral brightness coefficients of freshly fallen snow taken by
E. L. Krinov [5], but contradicts the results achieved by N. N. Kalitin
{6] indicating a monotonic diminution of the albedo in the direction
from the visible to the ultravioclet region of the spectrum. The latter
circumstance is explained by the fact that the maximum albedo occurs
near the 410-450 millimicron wavelength, while the effective wavelength
of the light filters used by N. N. Kalitin for the shortwave spectral
region amcunts to 380 and 450 millimicron. The maximum reflection in
this case was theréfore by-passed in view of the inadequate resolving
capacity of the ent;re set of 1light filters. It was the first time we
observed the increasing albedo in the near infrared region of the spec-
trum. E. L. Krinov's data [5] reveal only an insignificant increase in
the 2lbedo in the direction of long waves in some cases, and N. N.
Kalitin [6] made use of light filters designed for effective wavelengths
of 600 and 90C millimicrons in the near infrared region of the spectrum.
According to [6], an albedo 4A = 900 millimicron is less than one for

% = 660 millimicron. This prompted N. N. Kalitin to conclude that the
albedo is monotonically diminished with the increasing wavelengths in
the near infrared region of the spectrum. The monochrometer at our dis-~
posal enabled us to measure the wavelength up to about 800 millimicron.
We therefore do not have the information for ;K:> 800 millimicéron., But

an examination of the results cited in Fig. 1 clearly indicates an in-

creasing albedo in the region of b > 650 millimicron. If the results




achieved in [6] are valid, a maximum reflection should occur near the

800 millicron wavelength. As was already pointed out, the curves shown
in Fig. £ represent the averages of a number cf similar curves obtained
for a given day. An analysis of the "unit" curves would reveal that

the spectral albedo of thé snow cover goes through considerable changes
in the course‘of a day. This can be seen in Fig. 2, for example. A
close ldbk at that figure revealé that the relationship betweén the al-
bedo and the wavelength goes through such substantial changes in the
course of the day that it even loses its basic gualitative character-
istics. The maximum albedo in the ultraviolet and the near infrared
regions of the spectrum observable in the forenoon and at noon shift to-
ward the center of the spectral section under investigation (500-600
millimicron). ‘And here’the relationship between the albedo and the wave~-
length becomes similar to the one observed by N. N. Kalitin (6). It
should be pointed out that these data were obtained under changing light-

ing conditions {(from a clear to an overcast sky -- see Appendix 1).

A%

80

--3

1 .
6@ﬂ0 ' ﬂb &b iW 500 Amwx [ﬁnx.= mnc]

Fig. 1. The relationship between the snow albedo and wavelength under a
cloudless sky (average results).
1 - March &, 1957. Dry, compact, pure and large-grained snow;

2 - March 7, 1957. Dry, loose and fresh snow;
% - March 23, 1957. Fresh, dry, locose and hilly snow.



It is possible that this substantial variability of the spectral
albedo accounts in large measure for the discrepancy between our aversge
data and . N. Kalitin's results. The fact that N. N. Kalitin's obser-
vations were made primarily under a continuous overcast apparently also

plays an important part.
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Fig. 2. The relationship between the snow albedo and the wavelength
under a cloudless sky.

March %4, 1957. ¥oltushi. Compact, pure and long-grained snow.
1 - 11:00 amj 2 -~ 12:00 noon; 3 - 1:00 pm; & - 2:00 pm; 5 - 3:00 pm;
6 - 4:00 pm; 7 - 5:00 pm.

The variability of the spectral distribution of the albedo in the
case of fresh snow is particularly important for the short waves ( )\‘<
450 millimieron). Curve 3, Fig. 1, for example, was obtained by averag-
ing up six separate curves in the period between 10:45-17 o'clock cor-
responding to the albedo values for wavelengths of about 400 millimi-
crons which change nonmonotonously with time from 50 to 80%. It should
be pointed out that the haze in the second half of the day on 23 March
1957 produced a varticularly sharp change in the albedo. Curve 3 re-
presenting fresh snow in Fig. 1, is therefore so abnormally low in the

shortwave region. Intense variability of the spectral albedo is typi-

cal also of melting and impure snow,




As for the causes of the considerable changes of the spectral dis-
tribution of the albedo in the course of the day, they are undoubtedly
due primarily to the changeable condition of the snow cover and the
spectral albedo. Considerable attention is now being focused on the
development of methods for calculating the integral albedo of the snow
cover on the basis of the different characteristics of the latter.

This is a useful and desirable field of investigation. It is possible,
however, that the solution of the inverse problem, that is, the deter-
mination of the properties of the snow cover by the spectrum of radia-
tion reflection, is just as promising. At any rate, the successful in-
vestigations of the properties of matter and on the basis of reflection
spectra carried out in recent years in the field of physical objects and
spectroscopy justify an optimistic attitude toward the possible solu-
tion of the mentioned inverse problem.

E&f a more or less marked increase in the albedo in the direction of
short and long waves is on the average characteristic of dry and pure
snow, the opposite is, as a rule, true of impure or wet snow. This
may te seen, for example, from Fig. 3 where the figures apply to 4ry,
impure and pOrous sSnow.

Naturally, the spectral albedo of all wavelengths diminished with
the increasing contamination and wetness of the snow. This point is il~

lustrated by the respective figures cited in Table 1.

Table 1
The relationship between the spectral albedo
of the snow and the condition of the snow cover
Date Time }Cloudi- Wavelength (millimicron)
(hrs)| ness Condition of snow cover (500 [ 5011 615 | 74c] oGU
B Albedo (%)
3/6/57 14 10/0 Dry, pure and loose 72 8% 84 98 o8
SNOW
3/11/57 14 1¢/0 Wet and dirty snow 55 55 S8 70 67
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Fig. 3. The relationship between the snow albedo and the wavelength
under a cloudless sky.

March %1, 1958. Wet and impure snow. 1 - 12:00 noon; 2 - 12:00 noonj
2 - 1:00 pmj 4 - 5:00 pmj 5 - 6:00 pm.

Apparently, the maximum albede in this case is preserved but the

albedo magnitudes are substantially reduced.

¥ The roughness of the snow cover also has a considérable effect on
the magnitude of the albedo. An example of the roughness effect on the
albedc is cited in Table 2. As the figures in that table as well as
other observation results indicate, the snow albedo diminishes in all
the wavelengths under consideration with increasing snow roughness
(other conditions being equal).

Table 2

The relationship between the spectral albedo
and the roughness of the snow cover

Wavelength (millimicron)

Date Time {Cloudi- ;| Condition of snow cover| 400 501 615 42

{hrs) | ness Albedo (%)
3/7/57 10 0/0 Dry, pure and loose snow
and flat surface 73 76 73 70
3/17/57 10 /0 Dry, pure and loose snow
haze and uneven surface £5 61 60 60

This result is quite natural from the point of view of the general

concepts of the effect of roughness on the albedo.
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spectral albedo of =now is the condition of the snow cover (the snow
structure, wetness, impurity and roughness;. There is no doubt, however,
that lighting conditions also play an important part. Obviocusly, the ~"
change of the spectral albedo of the snow will depend on the nature of

the angular distribution of the incident radiation in view of the non-

isotropié ASPéct of the radiation reflection by the snow.
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Fig. 4. The relationship between the snow albedo and the wavelength
under a high overcast or a clear sky and turbid atmosphere.

1 - Marck 18, 1957. Fresh, fine-grained and pure snow.
2 - March &, 1957. Compact, pure and large-grained snow.

Since the nature of the angular distribution of total radiation is
first of all determined by overcast conditions, there must be a relation-
ship between the spectral albedo of the snow and the overcast. Unfor-
tunately, it is very difficult to "isolate" the effect of the overcast
as the condition of the snow cover rapidly changes and, what is more im-
portant, that change cannot always be controlled. Certain gqualitative
conclusions can be made, however, on the effect of the overcast condi-

!

tion on the spectral albedo of the snow. Fig. 4 shows the average

curves representing a spectral albedo over several days with a high




overcast or cloudless sky but a heavy haze. In all cases the snow was
dry and pure but somewhat different in structure. The data in Fig. &
can be compared with the results cited in Fig. 1 from the point of viei
of the snow-cover condition, Such‘a comparison shows that the appear-~
ance of clouds or haze involves a considerable change in the relation-
ship between the albedo and the wave length. The "two-humped" curves
of Fig. 4 are quite different from those of Fig. 1. The appeafance of
high clouds apparently reduces the albedo in the direction of the short-
est and longest waves and produces two maxima in the intermediate re-
gions of the spectrum. Such an albedo-wavelength dependence is appar-
ently quite characteristic but not the only one. The diversity of the
albtedo distribution in the spectrum under an overcast, just as in the
case of a cloudless sky (Fig. 2), is vefy great. The data in Fig. 5

can serve as an example of the variability of the "unit" curves of the

spectral albedo under a continuous medium and low overcast.

4

1 1 .
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7

Fig. 5. The relationship between the snow albedo and the wavelength
under a continuous medium and low overcast. Pure, dry, compact and
fine-grained snow.

1-9:20 am, 10/0; 2 - 1:00 pm, 10/0; 3 - 3:00 pm, 10/0; 4 - 4:00 pm,
10/10 March 26, 1958.

Let us take a look at the results characterizing the daily pattern

of the spectral and integral albedo of the snow. The daily condition

i0




of the spectral snow albedo is determined by a complex and almost indi-
visible interaction of two factors: the changing condition of the snow
cover and angular distribution of the total radiation (in the case of
direct solar radiation, the change in the height of the sun is of first
rate importance). The above-cited material prompts the conclusion that
the daily condition of the spectral snow albedo is very complicated and
varies with the observation conditions. By the same token, the inte-
gral snow albedo is also characterized by a considerable (but not les-
ser) daily variability.

# characteristic feature of the curves representing the daily con-
dition of the spectral snow albedo is their fluctuation, the presence of
several extremes (Fig. 6, 7). A monotonic relationship between the albe-
do and the height of the sun is not observable even under a cloudless
sky (Fig. 6). Unfortunately it is impossible to compare the curves of
the integral spectral albedo shown in Fig. 6, 7, inasmuch as our measure-
ments extend to the 0.40~0.85 micron region of the spectrum while the
integral albedo anplies to the C.4-2.4 micron region of the spectrum.

In this particular case, the small amplitude of the daily change
of the integral albedo can be explained only by examining the results in
the infrared region of the spectrum.

It should be pointed out, according to our data, that the results
indicated in Fig. 6 and 7 .are most characteristic. But some individual
cases may present a different picture. |

A recapitulation of the above justifies the assertion that the spec-
tral albedo of the snow is highly variable in relation to the condition
of the snow cover and the lighting conditions. The variability of the
snow albedo in relation to the wavelength and time is very complicated,

and cannot be explained with any certainty without a thorough

11
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Fig. 6. The daytime conditions of the spectral snow albedo om March
28, 1958. Frresh and loose snow.

1 - 400 mme (millimicron); 2 - 501 mmc; 3 - 615 mmc; 4 « 687 mmcy; 5 -
742 mme; 6 ~ integral albedo, overcast 2/0.
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Fig. 7. The daytime condition of the spectral snow albedo on March 18,
1957. Fresh, pure and fine-grained snow.

1 - 400 mme (millimicron); 2 - 500 mmc; 3 = €40 mmc; 4 - €07 mmc; 5 -
742 mmcs 6 - integral albedo, overcast 10/0.

investigation of the physical properties and condition of the snow cover.
A simultaneous investigation of the spectral albedo and the snow cover
condition is therefore a matter of great importance.

It is important to point out that the selective radiation reflec-
tion by the snow in the spectral region under studj is not very promi-
nent. The spectral composition of the radiation therefore remains
practically unchanged as a result of its reflection from the snow cover.

Shown in Fig. 8, a and b, for purposes of comparison are the energy

12
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Fig. 8. Energy distribution. a - in the spectrum of the incident
‘total radiation on March 4, 1957; b - in the spectrum of radiation re-
flected from the snow surface on March 4, 1957.

1 - 12:00 noon; 2 - 1:00 pm; 3 - 2:00 pm; & = 2:00 pm; 5 = 4:00 pm

legend: 1) Energy in relative units.




distribution curves in the spectrum of total and reflected radiation
based on observations of dry and pure snow under a cloudless sky and a
haze under fleecy clouds (these data are preliminary). The two curve
systems shown in this figure are apparently completely similar. Thus

the spectral composition of the radiation in this case is practically un-
changed by the reflection.

2. The Vegetative Cover

Unlike the snow cover the reflecting power of the vegetative cover

has been investigated fairly thoroughly.
, A%

6'0—
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20
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Fig. 9. The relationship tetween the grass albedo and the wavelength.
February 19, 1956. Karadag.

1 - 3:00 pm; 2 - 4:00 pm; 3 - 5:00 pr, overcast 0/0.

Numerous measurements of the spectral brightness of various vegeta-
tive covers were made by Ye. L. Krinov [5]. Interesting data on similar
laboratéry‘measufements may be found in [7]. The use of light filters
for measuring purposes [1] has produced a large number of different re-
sults. The figures on the spectrophotometric measurements of the albedo
of natural vegetative covers were first cited in work [3].

The results of all the mentioned investigations show that low albedo

values are characteristic of different types of green plants (succulent

1k
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he visivle region of the spec~

et

in
trum with a small maximum in the area of 500-550 millimicron and a mini-~
mum in the chlorophyl absorption band (about )\: 650 millimicron). The
albvedo is greatly enhanced at a wavelength about 700 millimicron. Ac-
cording to [7], the albedo retains its high magnitude up to a wavelength
of abtout 1 micron. When the vegetation turns yellow, the minimum re-
flection in the regién of chlorophyl absorption is no longer obsérvable.
Our observations revealed the same general picture, the only notable dif-
ference being an indication of the existence of a clearly definable maxi-
mum albedo in the wavelength range of 770-800 millimicron. This can be
judged from Fig. 9 which shows the results of three series of measure-
ments of the albedo of fresh, succulent Sudan-grass based on cbservaticns
under a cloudless sky. It is difficult to say why we previously failed
to note this clearly discernible maximum reflection of the green vegeta-
tive cover in the longwave region. This apparently could not be done in
[{7] because the measurements had been made under laboratory conditions.
As for Ye. L. Krinov's work [5], it is possible that the methods of de-
termining the coefficients of the spectral brightness in the near infra-
red region of the spectrum used in that work were not sufficiently reli-
able.

A close analysis of Ye. L. XKrinov's data shows, however, that in
some cases the curves of the spectral albedo of green plants have a
tendency to decline at a wavelength of about 800 millimicron. Observa-
tions made with light filters also failed to reveal any decrease in the
albedo in the longwave region. The principal reason in this case was
apparently the inadequate resolving power of the light filters.

An indirect confirmation of our conclusions about the maximum re-

flection in the shortwave portion of the near infrared region of the
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Fig. 10. The relationship between the albedo of the barley field
surface and the wavelength in various stages of vegetation.

1 - green barley on June 20, 1956; 2 - yellow barley on July &4, 1956;
% - barley stubble on 28 June, 1956, overcast 0/0.

spectrum can be found in V. I. Matulyavich in his work [8] in which the
integral albedo was measured by a Yanishevskiy pyranometer and the albe-
‘do in the visible region of the spectrum by a selenium cell. According
to [8], the albedo of the vegetative cover in the visible region of the
spectrum is considerably higher than the integral albedo. This would
be impossible with a high albedo magnitude in a wide interval of the
near infrared region of the spectrum, as revealed in (7], and it thus
provides an additional argument against the possibility of applying

the laboratory data [7] to natural conditions. A marked decrease in
the spectral coefficient of the brigshtness of a large number of plants
between 800-900 and 1,200 millimicron was revealed in a recent work by
M. L. Perevertun [9].

It is interesting to trace the evolution of the reflecting power
of vegetative covers under changing vegetation phases. Fig. 10 shows
such an evolution on a barley field. That example is quite indicative
as the other vegetative cover reveal a similar picture. A close loock

at Fig. 10 shows that as the barley turns yellow the minimum reflection



disappears from the region of chlorophyl absorption, and that the albedc
in almost the entire spectral region under investigation is further en-
banced. A further gradual increase in the albedo in the direction of
long wa&es occurs in the case of barley stubble.

No study has as yet been made of the daily conditions of the spec-
tral albedo of vegetative covers. It is known that the integral albedo
of vegetation as a rule increases with the decreasing height of the sun.
But no data are available on such a change of the spectral albedo. Our
measurements serve to confirm the known patterns of the daily progress
of the integral albede, and for the first time facilitate an analogical
analysis of the spectral albedo pattern. We hasten to point out, how-
ever, that the daily progress of the spectral albedo is considerably

more complicated and variable.
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Fig. 11. The daytime condition of the spectral and integral albedo of
barley on July &4, 1956.

1 - 417 mmc (millimicron); 2 = 500 mmc; 3 - 640 mmc; 4 - 712 mme; 5 -
800 mmec; 6 - integral albedo, overcast 0/0.
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Fig. 11, for example, shows the daily progress curves cf the spec-
tral and integral albedo based on the same observations of barley. An
examination of Fig. 11 reveals that the albedo differs in various sec-
tions of the spectrum. The albedo in the region of the longest waves
increases with the decreasing height of the sun. No monotonic relation-
ship between the albedo and the height of the sun is observable in the
other sections of the spectrum. A comparison of the curves represent-
ing the daily progress of the integral and spectral albedc prompts the
conclusion that the daily progress of the integral albedo is apparently
determined by the changing albedo in the near infrared region of the
spectrum under the effect of the sun's height,.

The data cited in Fig. 11 are the only individual examples of the
observable patterns. For example, the albedo in the near infrared re-
gion of the spectrum occasionally decreases with the decreasing height
of the sun, and a2 similar daily orogress of the albedo is observable
in the case of short waves. The latter fully agrees with the results
of V. I. Matulyavich's observations [8] which revealed a decreasing al-
bedo in the visible region of the spectrum with the decreasing height
of the sun.

The analysis of the spectral albedo of vegetative covers failed
to take inte account the possible effect of the lighting conditions.
The reasoné for that is that in this case the effect of the lighting
conditidns is not as essential as in the case of the snow cover., The
tasic features of the relationship between the albedo of the vegetative
covers and the wavelength remrain unchanged under any light conditions.
As for the patterns of the daily progress of the spectral albedo, they
are subject to greater changes. We must accumulate further observa-

tion materials, however, in order to make the conclusions on this point

18



very defﬁnite.

The object of our next investigations of the spectral albedo is
to accumulate more materials and develop a set of instruments designed
to measure the albedo in the region of longer waves.

We should point ocut in conclusion that only a small portion of the
observation materials are cited in this text with a view to illustrating
certain concl#sions. A more complete summary of our observation results
is provided in %hé supplement (See appendices 1, 2, 3).
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The measurements of the spectral albedo of the snow surface.

m@omﬂ. northern latitude
30°L2' eastern longitude
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Column 4 - CONDITIONS OF SNOW COVER
(English text of Russian entries)

Compact, pure & large-grained snow.

Ditto.

Compact, pure, large-grained, day-old snow.

Fresh, dry & loose snow,

Loose, dry, fine-grained, day-old snow.

Dry & impure snow with dark patches after a drift, wet.
Stale, dark & compact snow with a fine-grained crust, drift.
Pure, fine-grained & compact snow with patches of stale snow.
Fresh, pure & fine-grained snow, rolling surface after snowstorm.
Dry, compact & stale snow, rolling surface, pure.

Stale, compact, day-old and dry snow.

Fresh, loose & dry snow, thin layer.

Fresh, loose & dry snow, thin layer, slight drift.

Day-old, dry & fine-grained snow, rolling surface,
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Measurements of the spectral

February-March 1958

Appendix 2.

albedo of the snow surface. Sablino (Leningrad oblast)

mcwro. latitude
20" 48! longitude

Mean Solar

« o e »

L I I

o v s e

-
-

e & s e 8 4 e s s 4w

.

LR

Date Time Cloudiness Condition of Snow
. Cover *
hrs. min.
T o 1) Cuer unctuii, cBexessinapunii,
i " 15 0/0, haze 0 155 8 15 1 S
14 | 00 10/3 As, Fc @qoﬁm............
1nn “m mw _wﬁv wm. Se, Fe @) Cuer naotuutt, uncTsiil, Meako-
sepuvcTufl, cyxoll . . . . .
15 00 O\o @.—,o!o............
16 00 30 Ci. .. L O L L LR
2511 100 ' 00 8/0 Ci @Ozm_. cyxofi, MeaxosepuHCTHIf,
. , qucTRit . . . . . .
I 00 5/0 Ci . Cuer cyxoi, MenakosepHHcTul,
_ YHCTLH, TIO3EMOK . . + + o .
12 00 | 2/0 Ci @9_2 cyxofi, MenKo3epHHCTHIH,
yucTuif, No3eMKa HeT . . . .
13 | 00 0/0 @Toxe.......
14 00 1/0 Ci B e e e e e e
5 | 2 0/0 R
261 8 20 :—&w M.“. As @ Cier aanewanufl, nrotunl, cy-
X0il, MEAKO3EpHUCTLI , , , .
9 | 20 10/0 Cs, As @ ToRE. v vv v w v e e
12 00 10/0 As v e
“m mm Mw:om” e e e e e s v e s e e
411 9 00 B o“ﬁ_% rrlm @ Cuer cyxofi, nnotunil, Meaxo-
. ‘ epuMerhtit . . . L . . L v
12 | 00 2/0 Ci @ Tome. v v v viie
13 00 . 40 Ci
14 | 00 © 3/0 Ci e
16 ' 00 : 9/0 Ac Q R
8111 12 00 L 1/0 Ci 9/ Cuer coexenmnasuiit, puxantii,
; JIIOTHAGTCR  OT  Harpesa
: : COTHUBM . » v 4 v & v & »
17mij 8 30 100 19 Cuer  aarpasuennutii, cuipoit,
’ ynaorHenumft . . . . . . .
10 00 0,0 P)ToO KE . o o v v 0 v s o s
1.} 00 0,0 e e e e e e e e
PN ’ cc °\° i ] . - . L] L] . L] . . . v .
_f*oo c\o T O I
2

Wavelength (millimicrons) _m [
- » — o ¥
@

o O[O D | D [ et b [N [Tl (o (o B o [ [ ] D [=3 4 -t
2B RBIERRERREEEEERRRIRIE|E |
74174177\ 76]—|—{79|73{72/81(80|— 88| — | —]—182}—[65| 69 [ — | 60 | -
—|14{79{76|—|66(83|63|74|64|70|—|7458|73|—|—|—|68] 66 | — 1 T2 | —
80'89(81178175(75|73|73{71{71172|—|72|72|71{79|72|—|66{ 70| — | — | —
—178|71175{75[74]74[75(77]76176|75|76{74|75|76|76175|711 651 68 | 64 | 77
82'85/77174(75(65/72[70,60.64|66(66160 mm_m_ 771731696171 | 78| — | 89
.:_.N@..\m 82|78|75,74|75(76|77(65|67|69/68,67|737318{67| 67 | — | — | 74
ST T
74(75[72 .Nme 63]62162162163|64(61 oo'mo_mo 60 aa_aa 65169 (72| — | —
74163!59!51{71167{70[73171/66(60,6768!77|7559/67:66,73} — | 59 | 656 | —"
63167|70(67|70(7170l69]69{68{60{69|71|74|7579.78{77|78] 78 | 77| 78 | —
68/69|69]67|67(66 66{65|65]65]64(63|63]62!62|61(61{60,60{ 60 1 59 | 60 | —
76178]75i79|77|767578]81186188| —|——|—|—[—]71|69] 74 | 70| 62 | — -
¢872170(71|69/68]68168|67|66|66]67|68|69{73|73]74f70l62] 55| 53| 53 | — T N
69(70169(70(67(63!5916160{59|57(57|57|58|61(68|73{77|83; 84 | 82| 76 | — :
89187/87|8787(87|87[87(87|84184|84(84|83[82|81|8180(75| 76 | 77 | — | —
82182(78/78/72:74|79|78]80:81|81/|80|81{85/86|—[-|76!76] 72 | 72} T4 | —
74(60|73|74|74|74(73{73(7574|70|—|75[74]72187 81181 }79] — | =} — | —
—(—|—[76|76:8085/81|83(75(78 83:83182(82182185180/37{ 80 [ 85 | — | —
ﬂéﬂmumwa.\mw.\h:ﬂiMwwmqmqucwmf|m~mcl. R
71|76|77|73(72]72)73|73173173]74]75174\ 75 75| Ta|7 A T2y 72 {72 | T2 | —
—|—[81]32152 (5157 60159,59/60{60|60,G1162|61|62t61 i3] 60 63 | — | —
—|—I51l62[72[7572]73l6765]52155 33 12146 150]5 11521551 56 | 52| 53 | —
58'60/62(52[6258'57 313155 514511573 sleolalss] 87| 57| 59 | —
65.69,09{70]72/7272 73]73;74]73!73 7478382177176 12 | —
65.63,6365,64 6471170 oJow (7|66,6561,61[58177.08/57 87|56 54 | 74
—|—1-=15556.59 67 6565 67|67 65i68/68(70{72(69,67(671 631 64| — | —
58(62{65172(70{70 am.mw._mm.mm 51(6364|66:63)-—|—165(62j 64 | 60 | 60 | 70
61(65,63163{63168/66 (5,64/65/65)6616364165165|67(67(6231 65| 61 | 66 | 70
63]65,66{69/69{68168 66{65:656{65|65|66/64;64(63169721751 77177 — | 70
mw_mq 57 @o_m_ 62 ow_mw 66/64|664]64/63{63]63|66{671H8) 701 70} — | 69

* For English amxw‘ow entries wn.aswr;mowcasm,‘

please see page 28,




Appendix 2 - cont.
Mean Solar Wavelength (millimicrons) —
_H.. o O
Date Lme Cloudiness Condition of Snow _ e S Muw
hrs. min Cover omlololnivwlolel=|lomlaloin]olais e lala | o ¢ 0
SRRERIRERREEEERERERIEIR|8 (2
1701 | -16 00 0/0 : Cuer 3arpasuennntli, Ccupof,
| ynnomwemmsili . .. . . . . |67|6162164/67/68169\75(75(73173[7272/72|72|72/7778/20( 80 | 78 | — | 71
117 ] 00 0/0 To xe, ', .- . 163165(65/67!65,69]82{—81(80130|74|76|77 80!81'81{81/81|83 | 86 | — | 72
18110 | 14 [ 00 1/0 Ci Cuer 3arpaanennifi, E_.% . [75]75[7171/66/64/62|63/6363(6160(59 57 59,61/60!6 4/60{ 58 | 54| 58 | 70
16 | 00 1/0 Ci Towe, ... ~ . . |67]69(6870(71|73|75(81(7876]14|72|71]63 69!70,69l6662{ 73 | 87| 80 | 73
17 00 . vo\o 3y Cuer um_ﬁmm:m::zs nvioa. ' . _
S IR N 3aMepaset ., . . . . . . . .|60/65'64/63.62/66{7089(84|84]34]84/8082'81|79.70!8687]81 {80 | — | 83
1| 8 | 00 10 Ci @@ Cuer sarpranewnsit, Twopri - |67(71,69/69/69/68 6363 65(55163]63164/65,73(72 70/68165| 63 162 | 62 | 60
1 91 o0 0/0 @ Tome. .. ... L. |5816261163(64,66 67|7116Y(68/68/68/68167/6770|71(71171169 [ 69| 62 | 68
11 | 00 20 Ci e e e e oo [T2[T170(68168167/66(68167 (66]66/65!65!65(64/68(70/70[71] 75 [ 74 | 73 | 69
12 | 00 1/0 Ci s e e v oo .. . |63l63|64]64|6362'63|66|64|64/64(64(6363!62(62!60/5058] 58 {59 | 62 | 69
13 | 00 2/0 Ci v e e e e e v o .. . |57|61/61(64/63]63 63(64)63]62|63]64|c4/64/65/66(68|70l60{ 74 | 74| 74 | 69
14 1 00 5/0 Ci s e e e 4 [5916462(6362/60160(62,62(62i61162(6261]60159 5915815755 [ 58 | 61 | 69
16 | 00 J0 Ci o e e e e e .. ... .|59l6061|64/65'67|68(7575(74/74(73]70{71|71|75(77|78]79] 82 | 80| 73 | 73
17 | 00 90 Ci C e 59|64/63/63/64/66,67|69|68|69/67,66(66/66|6462|59 58,5165 | 66 | 68 | 76
am.l 8| 2 0,0 Cuer cyxofi, - sarpasucunmii, ‘
MeaxodepuucTeih . . . . . ., [62/62/61/61160165 62/67|6666/64|—(69/68/69|70|7173|—169{ 70| 69 | 71
10 | 00 0/0 @ Towme. o onww oo l—|—|—|57/5858166|71]62|60/56(62/63 626216061 61161 |57 | — | | &8
41| oo 0/0 s e e i e .. . |B3]59161(6162(62165(63161]6262(63!6268/69]70/71(73(7676 1 77| 70 | 69
12 | 00 0/0 oL e e . . |60162(63163(62(62,61164162(62:63/62(62/61(61(68/68i69(72| 72| 72| 72 | 70
14 | 00 w\w v e e e e v ... . .|52[57|61]64/04/65 65/65/66]6768]67/6766!65/64/63/63'691 70 | 70| 67 | 68
AN | 16 | 00 o\c s e e ... . [6061(63i63161163,7470|73108/68/6767,63166|71/66/68{72] 71 {71 | —:| 73
17 | 00 / @ . . 160159/63,65/66,65,6565'65!65/67,63(64'66/67!67/6869(71!73 [ 731 72| 68
2211 9 15 0/0 Crer nwxom uuaﬁzgzm 26»? .
. cosaswuiiea . ., . . . . . ., |60/63/6567|68 mmcooo%aoom fBI67|67/68|67|07/66{65|63 |65 65 | 67
10 | 00 1/0 Ci TOME . v v v v v e e %%%%%2%2%322S%ainaizag 681 — | 68
11 | 00 1/0 Ci I - {13 _ 5/64164/64164(64/63'62(62/62(65/70[70!70(70/69! 68 | 62 | 61 | 68
12 | 00 1/0 Ci s oo oo ... . . [B0162]64/62(63|63/6469/69/68 69]68/08(8|68(06(66169(71 70 | 68| 65 | 69
i3 | 00 2/0 Ci e e e e o . . (B5156(586161/68'67(6565/05'65(64/65/67/68(70(72(71/70(70 | 70| 64 | 68
16 | 00 0/0 e e r e 8%_2_%%3*%; 72|72|67 %_82_% @w_a 68(71/74 71| 61 | 71
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Mean Solar Wavelength (millimicrons) 9o
[T
pate ™€ Cloudiness Condition of Snow Y
hrs. min Cover o |o 550_01672 w0 |o loales s fes| et fin pells
glsi2 B3 e RBERIEEEEREFIRIE|IB AT
o8t | 11| 00 2/0 Ac @ Cuer caexesbmasuuit, xao0nxKo-
o6pasubift ?uoSan:unS aa-
Aexannit cHer) . . . . .[60[63]64/66/65/65/6566!6768|6867 68168/68/67167|64,62 62 | 611 62 | 72
12 | 00 1/0 Ac TOXKE . . o v o v v oo o8l 64163163|62|63|63]64/64|64|64]64/64]64/6466/66|67/69] 74 1 72| 70 | 71
13 00 1/0 Cu e e bt e e s e e e e e 73174|74175174|75{7576|75(75{76{77,77{7676(8081|84|87) 94 95| 94| 71
14 00 0/0 e e e s e e e e 71/69(67/62|6160{61(62(61|61{60{61|61160/60159,60{62 64| 66 | 68 66 | 70
16 00 0/0 e et e n e e e s e e 60160(59!62(62|62|61{70(6766|64]64/63164(616063166 68 70 72166 { 73
17 § 00 0/0 . e llaﬂm@%a:mqmq:oowmq 6769'—|64|72176| 77 | 76| 71 | 80
29 111 9 20 10,0 Ac 11 Crer ;:nazn. vr:c_:z . . . .|67|57[70 _ 631591721 —|64|75/63|64|63|65|6667|65/6969|68 71 | 52| — | 60
10 10 Aa\o Ac To we . . . B mmmqmqﬁomﬁommmwmmaommmmmkamqo.:.: —1{71| 68 | 68
12 | 20 5/0Ac—3/0 Ac CHer uncTHf, v_.::_zn cupoil . [70[72{70/69{697069(71(72|72|73|768080 8082/8282/83 82 (84| 87 | 69
14 35 1/0 Cu TOWE . « o v v v e 0 v 0 o0 59/60|59|62/61{6067|66(65|65(656565/65/65/66|65/63|58| 61 61 | 64 | 68
16 00 3/2 Cu, Ci—5/1 Ci, Cu e e e e e e s 606060'50!57|57156|69!64/66|66|66|66]65/656666168|1701 73 | 74| 65 | 71
17 00 5/2 Cl, Cu 64/67/67163166|60(72|75(72|70{70|68!68|66/6562|64:67(68/ 66 { 58 | 56 | —
3i 71 80 0/0 bnmo_. mm%su:a::ss :omszm
. kpyaustit . . 72(72170167/68|67/64|62(63|62{63|64/63(61!59,71:69,64|60} 57 | 56} 85 | 67
g | 00 0/0, turbidils 20) Cuer um%nu__m::zz nopHCThI,
S V‘ kpynuuifl, n:vom .. . lese4l64168]64,67(66/61160{59:62(67 59158(55155!53|—|58{ 65 {691 — | 63
10 | 00 0/0, turbidit @? e L | —4al47|50,52(53]53(52(51]49148|48/50152|51 51151 51| 43 | 41| — | 64
11 00 0/0 4 e e e e e e e e e e m“mum_momommm.\memcwomwmomo@ommmwgmmoa 67166 — | 66
12 | 00 0/0 P .32388%2;B%momomomo%am_ 83|84/88 87| 81 | 65
13 00 0,0 e e e e e e e e e e chm:q:o.\w?qwsfumﬁ.\mﬁﬁS.\.wuw: 77179171 | 63
14 00 0/0 I L. ... .. ..B1165:5715858586 1/61]61161161.01:61,G1|61,62 62|62, 62 60| — } 62
15 | 50 0.0 e oas&momfo% ehloslor (o7 67l07(67 63l60'68|72| 73 | 74 | — | 64
17 | 00 0/0 N 60/60160150'62'64/66172170l59]69/68]68167|56|75]80'84136| 78 |69 | 59 | 70
11V 8 00 2/0 Ci 0 Cuer n«xom aarpasuenuuii, no- ‘ ’ . )
. puctul, kpymitukamn . . . . (6563162 64,63/65/65|6162163163/63/646365,64 63,62 60{58 60| 56 | 66
9 00 w\o Cl @.—,o WE . v o v v a v e m_oocqmmmumwuwmwmwmégm»oqmqmmommwmmm_ 61158 — | 63
10 | 00 20 Ci . . |67l54156155,59 57165/70,64|62|62(62|6261|6067,66/66/67| 65 | 66 | 60 | 63
1 00 3/0 Ci—5/0 Ci s et mmﬂmqmﬁfﬁw m.\ooaﬁigomomamm @mo.;w.: 731741 73} 62

26




Appendix 2 - cont,

Mean Solar Wavelength (millimicrons) -
Time S8
Date Cloudiness Condition of Snow B
‘ )
hrs. min Cover QRO viIo ol inlcnoim]oloy|sinlaales s [ 7 ..mm
SRRSEEEBERERERRRRRE|R R 8|8
3/0 Ci @ Cuer 6osee nopucThfi, cm wli,
HV | 14 |00 / sarpramerth o . [ealsolaslsslsolsilsy 62|62(63(63(63/63(63]64(62/62]60 59| 55 [49 | — | 62
16 | 00 2/0 Ci @ Towe. ... .00 [5ei51 laals0l52(53{69167]64 65165|646363(53161|62(62/64] 59 | 52| — | 63
17 00 3/0 Ci e, L |56156]57(59]60(62)63(16(75(75/75]75175(74{74|71175(77177 71661 65 | 65
18 00 Wt e e e |5RI59150169168(68159,6516565/65 651656516 1167167168168 71 | 69 | 65 62
41V 8 00 1/0 Ci @ CHer KpYNHOKpHCTARAHYCCKM],
sarpasnennwit (wact) . . | 161157/66/64/56]60.6164|64/64/63(64[63l62l60(62]59]58 56156 53| 56 | 57
10 | 00 1/0 Ci Towe. ... ......,. 64)63/62;57|56(65 58/60|59]59)59]59[59:39]59/61{62(60/62{ 60 | 60| — | 52
1 00 2/0 Ci Cher MoKpui#f, Gacck Kancan _
BoARl . . .. .. ..., |58[58/58]58|59|60/60/61/62(62]62[62|63!63/63]64(66|67!68] 68 | 69 65 | 52
12 | 00 1/0 Ci GH#) Cuer mokputt, Greck kameny |
BOABL ... . . ... .. . . [61/60/59/50/59|59 59/60|60(G1|61|62|6-|62162(62/63]63 65! 66 67| 61 ] 51
13 | 00 1/0 Ci @ Tome. . . . s e .. L 1D4158161164(67(68169173(73175(76(75/76(77)77)79:82183(84] 89 | 86 | 79 | 51
14 | 00 ﬁ_.\% Ci @or e e W . [4953/56/56/58159/59]59,59/59/59/60/60{60/60{60|60/60(60 61 { 59| 59'| 51
A HET  KPHCTAAAMMECKHi, rpuy-
81v 8 00 ! HbH, CXORHT, TOHXMII H_woz.
coipolt . . .. L. L L 15156/59(59/60]61(63(75|74|74]74|74|73172170|73] 76 79]79 80180} 80 | 52
9 00 0/0 A.Nu‘_,o e . ..o ..o, mmﬂmwmqmwawmm,mwmmmmmgmmmwmomo%E.\.amwmq 89182178 | 61
10 00 1/0 Ac oo e e oL, 1B4164162159]60160,60162161161(62162]62162|60164(65166167| 67 65| - | 51
11 00 5/0 Ac *os oo, 155 56/6016216260161163|58/60]62(63/62/63163(63|61160{59] 59 | 60 | 60 | 49
12 | 00 3/3 Cu . s e ... . |54156/5758(59160|64]64|6463163|65]65/66(66|67/66|63/62] 62 | 63 | 62 | 49
13 | o0 8/8 Fe, Ac, Cb st e 455160\ —148166]—| —|—|— 59| —| |56/ — 59|57 — | 55 | 60 | 53
16 00 7/7 Cu, Fe Q Toos e soeeoe .o oo |43 42141138(38139138)151(50(48148|48147]46/46|51150(49]47] 44 | 45 46 | 50
100V | 106 i 00 4/0 Ci 26) Crer nopucrui, cupoht ¢ xan- ]
... AAMH BAary, rpasmmit , ., | (53 mwmowm_ 53154153/57|56155/54 54/55(54/56/5262151!56] — | 55| 51 | —
1 00 5/0 Ci—7/0 Ci @.v._.o He. . v ..., . 55!555667|58/—|61 m»mmﬂﬂmmm;wlm_mm%‘am 64167 — | —
12 | 00 8/0 Ci, Cs, hgle oo e (62162156 55(56156,61157166(67167154164157)53159(50!61'61} 62| 60 | — | 53
13 | 00 10/0 Cs, Cl, hyte - » ... ... .. . |5l|56155/65/53153!53|58)58!58(59|58!58157 |58|58(50!61 |65] 63 | 65 | 60 | 58
14 | 00 10/0 Cs, As, pglo P e e e, mmmmmmmmmmmamgoﬂﬂmom;mmqﬂ%%o_.@ 631661 60 | 59
15 | 00 10/0 Cs, As, halo *ovocoe e e e .. 150151152158 (561—|5662(61(59(59]58|59]58|57|61(62|64!64] 64 | — ] 59 | 57
16 00 10/0 Cs, As »oos e e e ... 150[53(5315657)68169(61161161)60/60(60/6359]62160!63/63] 61 | 58 53 | —
17 00 10/0 Cs, As P e e e e e momom:m»mamm%.@m%o;;wawm_moog@mﬁ% 691664 59 { 66
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Column 4 - CONDITIONS OF SNOW COVER
(English text of Russian entries)

Pure, fresh & loose snow.

Ditto.

Compact, pure, fine-grained & dry snow.

Dry, fine-grained & pure snow.

Dry, fine-grained & pure snow, drift.

Dry, fine-grained & pure snow, no drift.
Stale, compact, dry & fine grained snow.

Dry, compact & fine-grained snow.

Fresh & loose snow made compact by Sun's heat.
Impure, wet & compact snow.

Impure & wet snow.

Impure, wet & freezing snow.

Impure & hard snow.

Dry, impure & fine-grained snow.

Dry, stale & compact snow.

Fresh, cotton-like snow (stale smow visible through it).
Pure, loose snow.

Pure, loose & wet snow.

Impure, porous & coarse snow.

Impure, porous, coarse & wet snow.

Dry, impure, porous & granular snow.

Wet & impure snow with greater porosity.
Macrocrystalline & impure snow.

Wet snow, glittering snow drops.

Crystalline & impure snow, diminishing, thin layer, wet.
Porous & wet snow with moisture drops, impure.
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Appendix 3.
Measurements of the spectral albedo of various surfaces. Karadag (Crimea), 1956.

L4%541 northern latitude 36°12' eastern longitude

Integral
albedo

29

Mean Solar Wavelength (millimicrons)
Time . *
Date Cloudiness Surface : S o
O e [ [ON [t~ [ 00 ) D [ v 1O 05 1OV [ 10 O JON [ [ 1O |ON 1) [
hrs. min B EEREREBRRRE SR ERERRRRER!
30Vit| 13 00 /0 1) Masxnag raabka . . . . . . . . |16{15/156]1617|17]18119|21121|22|23]26]28'2812828,27(26 2525/23|22|20,20]|—
" 14 00 0/0 Toxe . . . . v o v v v v —12{12{13|14/14|13]15{17118{19,20{23/24/|25 25{25 25:25 26(22i21{18)16{15{—
15 | 00 0/0 L hii2lizhi2 13l a]15116(17118[20122,23 24(24124123 221211211191191201—
16 00 10/0 : » e e e o LU h3(13]14(13113[12113114(14[14]15]16(18]20120(21122]22122/21|20019{17|18]18}19
17 00 0/0 . e e e e e e e e 18|18]16{16(15714]14]14]14]15116]17(18]19:20|20{20;20{20:20}20,20}22|—
31 Vil 8 00 0/0 @ NMaswuar raabka . . . . . . . . |—|~4%12]13]12{13{13[14|16{17]18]19{22|23|24|25126|26(26|26/25|24|24(24|22
9 00 0/0 @._‘o WE . . v o e s e e e 13114{13|14(15]158]16{17{17]20[21|24|2526|26]27{26|26|26{2-1124]24/22|22
10 00 0/0 . e e e e 4141 4]0 4(14(14] 14]14]18119122]23(26127)28]29{29]29{ 2025 28127{25{23| 22
11 00 0/0 » e e e e e e i2h12012(12:12112]13]13(15!16118]19121(24]|25[26[2729/30126{26|25(24}24121)20
12 00 0/0 » e e e e e s =1 1812113]13]14115]17(18]19121(24]25,26(26127129(27|26:25(23 22120119
14 | 30 0/0 . e e e e 144141 14)15]165]16117)18119120123124125(26(27126(25127127{2628126(19
15 00 0/ : . e e e e e e e e e —114]14]/14[13]13{14]15]14{16{17{18]|19{22{23(23|25{256|25(2523123[21|20]19| 18
16 00 0,0 - » s e e e e e e oo L (10]11112]13112112|13]13(13]14]15]16118[20(21(22}23]23|23|23]22,22|121{20/19]19
17 00 0/0 , . e e e e e e e e e o412 N1 H{12112114]15(17119]19(20|21122]22)23|22:22:22]20121{20
19VI 15 00 00 - @ Penxas counas Tpasa cynaHka (Bul-
cora ot seman 50 car), mousa
cyxag . . . . . . .. ... .|8]8]8 8 & 8f 8 9] 9:10{1C;12[16|18[16/16|16}14/17|2514'48;4540{36|29
16 | 00 0/0 @D Towe . . ..o —1 2| 2| 2| 2| 3| 4f 5] 6{12{14/13]13[12|11]15[34]48'50]47]413]38131
17 00 0/0 . s e e e e e e .. .. .| 6]6]6| 6 6] 666 6 7 6] 9[15{16/15{14/14]13/17(375357(52|51]50{39
18 00 0/0 . e e e e e e e e e e =l—] 8 7 7 8 7| 7| 8 B 8] 9{16]18/16|15{15]14]16]34158 60151!52|40:33
. 19 00 00 " IR N 9| 8|11{11]10] 9| 6| 7| 8|14[15[13| 9| 9] 8/10[21]4956|58|54142/27
23V 9 00 10/0 @agmm penxas couHas CyJAaHka _
. ; V (nicota 15—20 ca), nouna cyxes | 2| 2| 21 31 4] 4] 5{ 6] 6{ 7 ﬂ_o_m_q_m_w_w__gwmm»—ihggﬂmawgm
10 00 1/t Cu ToMe . v v v v v v v v o v e wnnwww»*m.\.\m_m_w_mz_m_m_mw@.ﬁi.a,_mtuo
10 50 :0/0 . e e e s e e e e v s e x o] @333 3] 4 5 5 5 67 815/18{1717|16[14]16|30[4546[16(42137|35
| 12 00 0/0 . e e e e e e e e e e o 212034 4] 45]7 7| 8] 9;15/16116]16/16)16]15{1629142 4746/47 43|43
13 00 :2/2 Cu »  h e s e e e s e e . o) 80353] 4 5 b5 6] 5 8] 9110{16/17{16{16{16[14|15|26|43,4818{51152(50
, 20V1 8 30 { 0/0 &) flumeHb B CTAAMH KOJAOUICHHKA, BbI- “
” ‘ cota 1l M. . ... ..... | 76|65 5 54 4 4 4] 5| 6/11{13]13112/11} 9| 8/234852 63}—|—|-—
10 00 0/0 nUaS%...:...:...m»»mmmmaﬁmmmszsamemﬁﬁall
1| oo 0/0 e e =l 2 2L 2 2| 3] 3 4 4f sjifanfnfiof S| ofr8[36'42)46]44]40!32

¢ For English text of ,_,.m:wwpmu p: wspu:oowsu:.
please see page 31,
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20VE| 12 | 00 . 0/0 ®) flamens B cramun korowenns, sui- A0 . ‘
. cora L o oovu i ==t 33 4] 4) 8] 8| elviinifan|ri{io] of21]34l50/51]48/45(39
13 | 0o 0/0 @ To xe v e ===l 2] 2] 3 4] 4] 5] 5| ofinttalioli|10ha!31]330 0] 16] 1204441
14 | 00 0/0 s e e e e e . |414]313(4f5] 4] 4] 4] 8] 5| 8112|1312112{11{10'13134/5 115 1150] 41138(32
15 | 09 0/0 e e e, |3]8]3]3]3] 4] 4] 5 5] 8| 7N12]14(13/12(12{1115!36/53'56[50115]41]31
16 | 00 0/0 vor e e e e o |=i=1=12]2]2] 3] 4] 4] 4] 5] 6/12{13[12[12112]10115/39!59'59!55 A0l46!34
17 1 oo 0/0 : e 3(2(2(2] 6] 6| 5 6| 7( 9|15/1513131213120[18(61]72{7072l64164
18 00 2/0 Ce : A . I T T T Lo B e B Bl Gt ) N m.\m:m::.\_mIEwmmcm:cmoummmol
4VIL| 11 | 00 RURY . Slumens mowenteswn, cneantt . . |~—-{51416|6(6] 6] 7 8]10/1013/182112324/24|24/26(37}165/4611{45/35[33
12 | 00 0/0 i Towe . . oo oo v o u . .|4|8|4]|515]5] 6| 7| 810(11{17/19/23|23(24(25(25|26/3643'1.1/10/39'33]25
14 | 00 0/0 . , e v e . o |B141516[5[6(12(10] 9]10/12[15/20[25/25(25127(27(28]37]46"19!49) 1811 1139
. 15 1 00 1l Cu v e e e e e e oo o|B141BIB[6[T7( 7] 7] 910{12]14]19{24]2527|20(28|29{40/46/55!51155 4948
16 | 00 2/2 Cu v i e e d—l4l4lals]s] 5l 6l 8 Soa;S8»333@8@%@@3@3._.,,
17 | oo 1/1 Cu e e e ==l=]515]6] 7] 7] 9110'11{13]18123(24125)28120(31143154'56!56'56]57 154
18 | 00 0/0 o os e e v e oo, W |—[516[516]6] 7| 7f 81011{13[19]24/2527|31|32/36/50(67{72]7 376(77]—
6Vl | 10 00 0/0 T () damenn ToOT ME ., v e e o o |3(414141516] 7( 7| 8[10]11]14]18]23|24|25126!28129/3816!48(47143|38 —
: TR 2/2 Cu _ Towe . ... ... ... .|4=|4[5]4]5] 5|6/ 7| 910/12]15/2122/23(25/26(28|36!43]44|37]31 |23 —
18 1 0o 0/0 ; v v deo .o —|B(6]6(6[6] 7| 7| 8] 911{14{26(23]2527(31{35(39!49]c063(6265/67.66

mvia!l s | 50 2/0 Ce t (D Crepus Tpanut cynankn, n04sa cu-

Pas .. ... ... L [21212]3]4(4] 5] 5| 5 5| 6] 6] 9{11{12{10{10{11]11{16/22127(28[30/20]33
10 { o0 2/2Cu P @ Towe Looou oo 13]313]3]4]a 4] 5| 5 6 6 7|12{13(13(13]13]12(13]21|32i33/33/32/32/28
11 00 2/2Cu » c e v e e s e e .. o |8]813131414 4| 41 5 5| 6| 8/12[15/15{151513|14]23/34136(33|30!27(22
12 | 00 2/2Cu ! s v oo, . |6]514]5]5]5] 5] 5| 6] 7| 8] 9/14]18/17]17]1716/16]27|30}43[12] —|38| -
13 | 00 3/3Cu Soe e oo, o |3131381314]4) 8] 5| 6] 7 8] ol141717|17{17}15]16|26(37139|37]34!34133
16 | o0 3/2 Cu, Ci M e e e e e w ., o {31313]3)4]4] 5] 5| 6] 6] 7] 914{17{16{16]17|16]16(27|38[11|38(35/32|08
27 VIl 8 | 50 0/0 . ,m Crepus aumenn, nousa cwpas . |4|4|4]{415]6| 6 6| 8[10 12(14(18/22/23(2425126(28/30/3313332128[27126
10 | 00 1/1 Cu W Tome . oo oo oo . |3]3]3]4]4|5] 6] 6| 8]10[12]15]19(2324|27|28|30/30!33!3637|36134|30/27
11 | 00 8/8 Cu, QatCi | P e e e === -] 4] 4] 4] 4] 5] 7| 8] 9111115[16]17]19120|22125|31]41(34|—
8vVII| 12 | 30 0/0 . (19 Crepna sumens, nousa cysan . .1515(5/6|7(7] 8 911 1315{17,20123,24/25,27(28,2913113 1136135333027
13 00 0/0 e Towe . . .., ... .,.16l6|6]/717]8 9110]12114(16]19,23|26|27|28|29130(31|33!36/40[43]4240!37
14 | 00 0/0 3 s e e e e ... |B|314]516]|6] 7| 8/10/12{13[12]18]2021|22(24!24]27|31/35{37]36]35!33/30
15 | oo 0/0 , e e v .. 1B616[5[5]5] 6| 7| 8/10{12(14]19|23|25|26/29]30(32|33I36]36{33303026
| 16 | 00 | 0/0 : s e e o o |4]3]4]3 (414 5] 6 8] 9]10]13]16]20]21]23]252627]28]33134/32]3029|27
| 17 oo 1 0/0 m s e e e oW —I—141414f4] 5 8| 7| 8[1012]16]202022(25/29]32|37]44/49(50(51 41|38
29 VIl 9 20 0/0 3 @OSES AuMens, nowna cyxas , . [5(7151616{7| 8| 8 9{1111211519!23!24{25|2728(30{35!4 1143113143 40(34
11| 00 0/0 - DToxe ... ... ... .|5]5]6|6]6]7] 8] 810/12{14]162024|26/28/30/32/33(36140"42135/33|32130
12 | 00 0,0 1 e e e e |2]4al5616]7] 8] 9l10112]14[17{21]2527]2830]31 %5._%_%%88
, 14 00 0/0 ! . s s e e s e e ... .|D|B]|B]515]6] 7] 8 911 13(15,19|23(25126|26{30[32(33/39.38126!33/31131
ﬁ 15 | 00 0/0 st e e oL .. |4]1415(5|5(5] 6| 7| 8]10[12(14]17|21]23/24/27|28130/31137(38[34]32]20(31
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Appendix 3 - Cont.,

Column 4 - SURFACE

(English text of Russian entries)

Beach pebble.

Ditto.

Thin, succulent Sudan-grass (50 cm high from ground), dry soil.
Thin, succulent Sudan-grass (15-20 em high), dry soil.

Barley in ear-forming stage, 1 meter high.

Barley turned yellow, ripe.

The same barley.

Sudan-grass stubble, damp soil.

Barley stubble, damp soil.

Barley stubble, dry soil.

31




.>wﬁ®nmwx rﬂ

Measurements of the spectral albedo of certain surfaces.
Tsurikovka (XKokchetav oblast), 1955
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